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BACKGROUND OF THE INVENTION 

Significant and frequently oritical port of track loading scenario i s the reaction of tho 
track to compl e x dynamic forces that reflect dynamic excitation of the vehicle that is generated 
by random irr e gulariti e s of the track geom e try and by variations of track stiffness. However, the 
conventional track de s ign method s addr e ss thes e issu es by tim e- ind e pendent s tatic de s ign 
approaches only. As a result, analyses of dynamic traok/train interaction systems that capture 
interdep e nd e nce of traok and train compon e nt s illustrat e d in Fig. 6 are not usually provid e d. In 
reality, dynamio forc es from v e hicles ore not e qual to th e stotio reaction of the track as it is 
typically assumed by the contemporary stat e of tho art in the traok de s ign field. 

Th e devic es invented by Mo Court, KL.Proter, Harm se n, Vanotti, Boigl, Prottcr, 
Vanhonack e r, Far e s e , and Me Galium provide constant s tatic r e sili e ncy within th e ties or on the 
ties. However, they do not addr e s s th e actual dynamic r e spon s e of traok structur e within the 
rel e vant dynamio track/train interaction sy s tem. In particular, these and similar device s lack 
dynamio dampening as the singl e and mo s t critical dynamic traok performance parameter 
dir e ctly r e lated to the longevity of th e track structure. Consequently, performance of these 
syst e ms i s incidental in spite of the resiliency they offer. In mo s t of these and similar case s , 
intense correctional maint e nance is n e cessary so that instances of significant acc e ptance in 
railway practice arc rar e . Only th e S onncvill e 's LVT ballastless track system is dynamically 
de s igned and provides e xtraordinary damp e ning. It s installations in Euro - tunnel betw e en Franco 
and Unit e d Kingdom, and on fourte e n rapid transit and railroad track systems worldwid e provide 
unpr e ced e nted reduction of track maint e nanc e . However, the Sonneville' s LVT system is 
r es trict e d to ballastlc s s traok and used exclusively whor e conorete tunn e l inv e rts and bridge slabs 
e xist to provide firm structural foundation. This r e striction simplifi es th e dynamic traok/train 
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interaction s ystem, e liminates variability of subgrnd e and foundation soils indicated in Fig. 6 and 
lead s to a speoifio product nam e d Low Vibration Traok (LVT) produced by Perman e nt Way 
Corporation and Sonn e vill e Int e rnational Corporation. Sonnoville excludes utilization of LVT 
sy s tem in ballast e d track because the potential dynamic instabiliti e s of foundation soils and their 
variability along the railway lin e lead to entirely different dynamic loading patterns. The 
inv e ntion of Int e rnally Resilient Tie expands the application of th e damper - like arrangement of 
independent block masse s , proven by the Sonnovill e 's LVT system on ballastless track, to th e 
ballast e d track cat e gory. This i s facilitat e d by further dev e lopment of the dynamic track/train 
int e raction analys es and s pecialized s oftwar e for solving the syst e m shown in Fig. 6 
demonstrat e d in its pr e d e cessor form in the referr e d FRA report DTFR 53 OO - P - 00377, Jan H. 
Zioha, Upgrading Truck and Rqftdbed for High gpwd Qpgrgtigns, January 30, 2001, and by 
advanced g e ot e ohnioal e xploration of foundation condition s of the track subgrade in th e ar e a of 
installation Int e rnally R es ili e nt Ti es by specialized railway application of r e mote sensing 
methods of engineering g e ophysics. 

Whil e th e Internally R e silient Ti e s r e sembl e th e d e vic e s patented by Mo Court, 
H L. Prater, Harmsen, Vanotti, B e igl, Pratt e r, Vanhonaoker, Far e se, Me Callum and Sonnevill e , 
they posses s es improved properties not s ought or expected by prior art. The Internally Resilient 
Ti e s ar e design e d to re s i s t actual dynamic loading force s acting in a ballast e d track exposed to 
high speed and h e avy axle load operational environments. 

Particularly unsuccessful w e r e att e mpts of prior art to reduc e ov e rall track stiffnes s by th e 
inorease of re s iliency of th e rail pad elastomer locat e d dir e ctly und e r th e rail. Th e rail pad is 
d es troy e d quickly by dynamic force s corresponding to high frequency vibration s if mad e 
suffici e ntly soft to be e ff e ctual in th e r e duction of th e ov e rall track s tiffnes s . For this reason, hard 
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rail pads must b e used. Th e nominal stiffne s s of a ballasted track equipped with standard 
concrete cross tie s i s then usually higher than what corresponds to the re s ults of th e oretical 
analy s es and to e mpirical finding s . The problem is particularly apparent on bridges and tunnel 
invert s with ballasted d e cks wh e re the deterioration of track geometry is particularly intense. 
Internally R e silient Ties offer sufficient reduction of the nominal track stiffness without 
compromi s ing hardn es s of rail pads. 

All prior art concrete ties ar e lifted during the upward deflection of the rail that occurs at 
a c e rtain distance from applied vertical wh e el load. This upward mov e ment is a major 
contributor to th e d e t e rioration of track geometry. This corresponds to the e xperience with rail 
float on common wooden ties with cut s pik es . Wooden ti e s with properly installed conventional 
out spik es u s ed to secur e rail in its po s ition on the tie do not ri se b e cau se a s mall space 
corr e sponding to the upward defl e ction of th e rail i s left betwe e n th e bottom contact surface of 
the out spilce's overhang and the upper contact surface of the rail's foot. This space facilitates the 
rail float, th e d e sired upward movement of the rail without lifting th e ti e off its contact plane 
with ballast. Int e rnally resili e nt ti e s p e rmit such a mov e m e nt so that th e roil float is no longer 
re s tricted to wood ties with out spike s . 

Ballastless railway track systems with independent booted blocks provide remarkable 
improvement of track/train interaction. Their installations in the Euro-tunnel between France and 
United Kingdom, and on twenty rapid transit and railroad track systems worldwide provide 
unprecedented reduction of track maintenance. This is accomplished by high levels of dynamic 
dampening and bv the additional level of track resiliency inherent to the booted block concept. 

In prior art these advantages are restricted to the track systems with independent booted 
blocks where concrete tunnel inverts a nd bridge slabs exist to provide firm structural 
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foundations. However, similar booted blocks placed in railway ties (sleepers) have a potential to 
improve ballasted track as well. Some o f the earlv devices patented bv Mc Court. H.L.Prater. 
Harmsen. Vanotti. Beial Pratter. Vanhonacker. Fares e. and Mc Callum could serve this purpose 
if technologically updated, However, the prior art to not restrict the vertical travel of the 
blocks at resonant frequencies, and does not facilitate lifting the ties bv rails during the 
mechanized track installation and mai ntenance. The prior art would allow the blocks bounce 
uncontrollably at critical speed ranges, and the rail lifting during track installation and 
maintenance will withdraw the blocks fr om the ties, leaving the ties in place, 

The spread of stray currents is a major contributor to the deterioration of utility lines and 
metal components of structures found near electrified railways, especially when direct current 
traction power is used. A major part of the stray currents' volume b ypasses insulators through the 
water laver that exists on the surfaces of wet rail fasteners, insulators, tie blocks and ties, 
especially in rainy weather. The problem of the stray currents can be alleviated bv using track 
insulation members with overhangs such as the ones commonly used on power lines that 
interrupt the surface water laver. 

Th e spread of stray currents and decrea se of electrical resistanc e that i s needed for 
maintaining electrical track circuit s appear on any track during rainy weather. Stray currents 
con s titut e major liability problem s along electrified railway lines due to deterioration of 
n e ighboring utilities. Whil e th e insulator s of track fastening devices are rigorously t e st e d, th e 
leakag e occurs mo s tly through th e wat e r layer, dust and s teel filings pre se nt on the surface of 
track components. This i s b e caus e roil support assemblie s of prior art do not involve insulators 
that would cr e ate dry areas under their overhangs, as it is the case in suspending pow e r 
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distribution lines. The Block Sl ee v e provid e s an Int e rnally Resili e nt Ti e s involve and overhang 
that creat e s dry area to interrupt the surface water layer. 

R e latively light us e of st e el ties is attributed to th e ir actual or perceived inad e quat e 
electrical insulation charact e ristics. Th e enhanced e lectrical insulation properti es of Int e rnally 
Resilient Ti es may contribut e to increased utilization of stool ties in the future. 

Th e balla s tlcss track system s that involve larg e blocks enclosed in rubber boots under th e 
rails, such as the referred LVT system by S onn e vitl e , facilitate larg e consumption of kinetic 
en e rgy b e for e it reach e s the main vibration - abating insulator. However, the prior art blocks and 
additional components placed in ties of ballasted track are too light and small to off e r 
comparabl e e nhancem e nt of vibration abatement. Th e vibrations radiating from heavily trav e l e d 
lines e quipped with ballasted track constitute ma j or environm e ntal problem s in larg e citie s 
r e gardl e ss of the type of rail support used. Th e masses of ind e p e nd e nt blocks used in th e 
Int e rnally Resili e nt Ties are s ufficient to result in the desired reduction of environm e ntally 
obj e ctionabl e vibration s pread. 
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ABSTRACT 

Releasee tie blqck refiner? are gftaghed tq the main body of a typical tie (1) with two 
inserted blocks (2 ) intornollv resilient tie, the ti e oase CIV The tie oasc (1), The main body of a 
typical tie(l> includes two recesses to receive two independent tigblocks (2), preferably 
enclosed in rubber boots (4), equipped with standard rail fasteners (7) and protected with hard 
standard rail pads (S V wherein one tie block (2) is placed under each running rail (3). A bottom 
elastomer (6) is preferably used and located inside the boot under the tig block. In a sequence of 
Int e rnally Resilient Tie s , the mass e s of th e blocks (2) and th e s pring rate s of bottom elastomers 
(6) can vary. Thfejrieblock retainer assemblies, consisting of components (8) through (16), keep 
the |ie blocks in the ti e main body e ase (1) when the Internally Resilient tie is lifted by rails 
while allowing small movement of the blocks upward to provide rail float . Also, the block 
retainers restrict the vertical travel of blocks at resonant loading frequencies. 

In order to decrease the current leakage, a non-metallic tie block sleeve (12) overhanging 
the edge of the tie block and sloping down is incorporated to insulate the rails. A non metallic 
insulating collar (12), overhanging th e e dg e of th e block and sloping down, i s plac e d around th e 
upp e r p e rimet e r of e ach block. 



7 



MARKED COPY , 

BRffiF-SUMMARY OF THE INVENTION 

Installation of Internally Rcsiliont Tics in a ballasted track facilitates optimization of the 
dynamic track/train interaction regime according to a mod e l illustrated on Fig. 6 to reduce traok 
maint e nanc e and to allow speed increas e s without co s tly deep soil replacements that are 
conventionally perform e d to r e move naturally occurring variations of the track founda tienr 
Unl es s th e soil s or e exc e ptionally weak, this optimization i s achi e v e d by varying the spring rat e 
of the bottom e la s tomer (6), by varying the mass of the independent block (2), and by ohoosing 
dimensions and material s of th e ass e mbly to provide high dynamic damp e ning. 
One independent block (2) is placed under each rait (3) in a rece s s insid e the ti e case (1). Th e rail 
i s attach e d to the indep e nd e nt block (2) by a thr e adl e ss standard conv e ntional fastener (7). The 
rail (3) i s seated on a s tandard conv e ntional elastomoric roil pad so that the mos s of the block (2) 
is placed betw e en two e lastomers what results in its dynamic damp e r action, Dynamic forces 
corresponding to high fr e quency vibration s ar e abat e d by a standard rail pad of sufficient and 
constant hardn e ss whil e the stiffness variations and nominal track s tiffness adju s tment of th e 
assembly ar e performed at the olaotomerio bottom pad (6) under the block in the context of the 
broader dynamic track/train interaction control This f e ature has a potential of optimizing 
nominal s tiffn e ss of a traok e quipp e d with concrete tie s and eliminating th e incr e ased track 
maintenance int e n s ity e xp e ri e nc e d on continuously ballasted bridg es and tunnel inv e rt s . 

The independent block (2) i s prevented Releasable block retainer assemblies (8 through 
16) prevent the independen t tie block (2^ from being pulled out of th e main body of the tie ease 
(1) by block retain e r assemblies ( 8 through 16) when the Internally Resilient tie is lifted by rail 
(3) during track installation and maintenance. Also, tie block-retaining assemblies restrict its 
vertical movement at resonant frequencies . However, a small movement is allowed and elastic 
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restrain are is provided to facilitate rail float. The rail float allows a slight upward movement of 
the rail with attached blocks during the u plift phase of the rail deflection, while leaving the main 
body of the tie (I) in place, oo that the intensity of track maintonanoo is r e duced. The interface 
of the tie's bottom plane and the supporting ballast thus remains undisturbed so that the track 
geometry deterioration and track maintenance intensity are reduced. The accuracy of the vertical 
travel control is enhanced bv the optional features (U) a nd (15^ that provide controllable mating 
surfaces on the top pf the retained tie blocks (?), 

The releasing and retaining portion of the tie block retainer is thread-less to eliminate 
maintenance-intensive loosening of corroded threaded components. 

The pin f 1 1) and retaining elements of the tie block retainer (9) and (10) can be readily 
removed to allow a complete withdrawal of tie blocks and boots from the tie for quality control. 
maintenance, or replacement of tie blocks, boots and otherwise inaccessible elastomers 

The tie block sleeve is an optional A non-metallic collar (12) thai is attached on the top of 
the block (2) to provide a dry area under its overhang. The surface leakage of stray electric 
currents is-thas interrupted by the dry area . 

The tig block retainer is designed tp span over the fie block sleeve, 
Larg e enough masses of indep e nd e nt block s (2) are u se d to facilitate ab s orption of significant 
portion of kin e tic e n e rgy of environm e ntal vibration s b e fore the bottom e lastom e rio pad (6) is 
mobilized so that unpr e cedented l e v e l s of vibration insulation of ballasted track are availabl e to 
solve relevant e nvironm e ntal way - sid e probl e m s in populat e d areas. 



9 



MARKED COPY f 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1 includes elevation, crossection and plan view of tie block retainers and tie block 
sleeves installed on a concrete tie wit h Internally Resilient Tie with Independent Booted tig 
blocks and Concret e Cose constructed in aooordanoo with the present intention and for use on 
ballasted track. 

Fig. 2 includes elevation, crossection and plan view o f tie block retainers and tie block 
sleeves installed on a steel tie with Internally Resilient Tie with Independent Booted tie blocks 
and Steel Case construct e d in accordance with th e pr e s e nt int e ntion and for use on ballasted 
track. 

Fig. 3 includes Detail of Section I-I and the tie b lock retainer assemblies cast in a 
concrete tie ease, and thy fa? frloyk ? l^ v ^. 

Fig. 4 includes Detail of Section H-II and the tie b lock retainer assemblies installed on a 
steel tie^ase, and th^ tie block $l<?g v g . 

Fig. 5 includes plan view relevant to the tie block retainer assemblies, and the tie block 

sleeve . 

Fig. 6 includes Dynamic Track/Train Interaction System — Model for On e Axl e 
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DETAILED DESCRIPTION OF THE INVENTION 

The int e rnally re s ili e nt ti e is based on application of specializ e d d es ign proce s s of 
advanced dynamic traok/troin interaction analysis demonstrated in the enelosed report U pgradin g 
Track and Roadbed for High Speed Operation s by Jan H. ZichtL DTFR S3 00 P 00377, dated 
January 30, 2001. Thi s process facilitates an expansion of the advantages of add e d controlled 
sprung masse s of indep e ndent blocks to balla s ted traok. The s e advantag e s hav e be e n already 
demon s trated in th e cat e gory of ballast less track typ es with ind e p e nd e nt boot e d blocks, such as 
Sonn e vill e 's LVT sy s t e m that ar e e xpos e d to different loading r e gime du e to th e pr e senc e of firm 
structural foundations. Whil e th e appearance of internally re s ili e nt ti e is similar to prior art, it 
s e rv e s diff e rent function and the actual conditions of th e traok foundation and th e natur e of 
ballast e d track are reflect e d in a diff e r e nt proc e ss of design, analyses and installation of 
s e qu e ntially install e d int e rnal l y resilient tie s . Wh e r e v e r foundation conditions vary, th e 
unprecedented options to vary spring rates of the track by varying stiffness of the bottom 
elastomerio pad (6) with or without variation s of th e masses of th e blocks (2) ar e availabl e to 
bring about advantag es described in th e Background of Invention and Brief D es cription of th e 

Larg e compon e nts of the internally resilient tie have been de s cribed in the Ab s tract and 
Brief Description of the Invention and ar e appar e nt from enclosed Figures 1 and 2. 

The tie block retainer (8) is attached to th e main body of a typical tie concrete ti e cas e (1) 
by its anchoring protrusion cast into the concrete of the tie case (1) shown on Fig. 1 . The tie 
block retainer (16) is attached by bolted steel to steel connection to the steel tie case ( 1) shown 
on Fig. 2. Except for this connection, the block retainer is thread-less. Flat leaf springs (9) and 
(10) are inserted into a curved slot in a metallic insert (8) and (16). During installation, the lower 



11 



MARKED COPY 

leaf spring (9) is inserted first and then the upper leaf (10) is driven in. It deflects and causes the 
leaf (9) to deflect as well. The leaves (9) and (10) stay within the slot by due to the thus 
introduced pre-load. An eventual shifting of the leaves that would loosen the plates is prevented 
by the pin (1 1) inserted into the aligned holes in the leaves (9) and (10) and in shoulders (8) and 
(16). For enhanced accuracy, the contact surface on the tie block's top (2) can be lowered or 
raised by inserting an adjustable thickness member (14) of an adju s ted depth into the slot created 
by two members (15). 

The pin (1 1) and the leaf springs (9) and (10) can be readily removed to allow a complete 
withdrawal of the tie block from the tie for quality control maintenance or replacement. 

Large components of the ties that support the block retainers, and the wit hdrawal of tie 
blocks, boots and elastomers have been described in t he Abstract and Brief Description of the 
Invention, Also, they are apparent from Figures 1 and 2. 
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CLAIMS 

25. (amended) The internally resilient railroad ti e of olaim 23 A tie block retainer for a 
concrete tie using a releasable device for retaining tie blocks (two ea ch) inserted in a concrete 
jig, wherein the tig block retainers comprises of a cast iron inserts equipped with an anchor 
member for anchorage in the said concrete tie, and with a curved slot at the top of the anchor 
member to receive leaf springs that are secured by a vertical pin inserted into aligned holes on 
top of the said anchor member. 

26. (amended) The internally r e sili e nt railroad ti e of olaim 2 4 A tie block retainer for a 
steel tie using a releasable device for retaining the tie block (two each) inserted in a steel tie, 
wherein the tig block retainers comprises a cast iron insert equipped with an anchor member 
having a threaded extension for attachment to said steel tie, said anchor member havin g and with 
a curved slot at the top of the said anchor member to receive leaf springs that are secured by a 
vertical pin inserted into aligned holes on top of the said anchor member. 

27. (amended) Th e internally r e sili e nt railroad tie A tie block retainer of claim 25 
wherein a space is left between the bottom surface of the bottom leaf spring and the 
corresponding contact surface of the tie block inserted in a concrete tie so that the upward 
movement of the rail occurring at a certain distance from applied wheel load is facilitated 
without lifting the concrete tie frogLoase of th e internally resili e nt railroad tie and without any 
oth e r int e rference with its contact plane on ballast. 

28. (amended) The internally resilient railroad tie A tie block retainer of claim 26 
wherein a space is left between the bottom surface of the bottom leaf spring and the 
corresponding contact surface of the tig block inserted in a steel tie so that the upward movement 
of the rail occurring at a certain distance from applied wheel load is facilitated without lifting the 



13 



MARKED COPY 

steel tie frojlL oaso of the internally re s ili e nt railroad ti e and without any oth e r interf e r e nce with 
its contact plane on ballast. 

29. (amended) Bloek of int e rnally r e silient ti e of claims 23, and 2 4 comprising A tie 
block sleeve made of electrically insulating material attached to the top of ajie. the-block that is 
inserted in a railway tie in such a manner that the said block sleeve provides an overhang 
continuous around the said tie bloc k, and wherein the said tie block sleeve protrudes outward 
and slopes downward in such a manner that the bottom side of the said overhang is protected 
from directly falling rain water. 
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